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PROGRESS REPORT NO. 1

THE FIRE RESISTANT TREATMENT OF TEXTILES

SUMMARY
The development of organophosphorus compounds as fire retardants for
cotton fabrics has continued, Compounds are under investigation that may
provide both water-repellency and fire resistance by reaction with

cellulose in a manner Similar to that believed to be the basis for the

durability of the Zelan process,

Kinetic studies of the pyrolysis of untreated and treated cotton
fabrics have been discontinued in favor of pure gotton fiber. The

purification of a sample of field cotton is in process.

An evaluation program of the radiant energy decomposition of un-

treated and treated cotton is in progress, This program includes the

comparison of char znd tar resulting from furnace Pyrolysis with that

produced by radiant eénergy decomposition,
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RESULTS AND DISCUSSION
Compound Devclopment
The development and evaluation of organic compounds as fire re-
tardants for cotton fobrics has been continued. As in the pcst, the
emphasis has been directed to organophosphorus compounds, which can bo
polymerized on the fabric during the curing process to provide a durable

treatment,

Di—{f-aminoethylphOSDhoric Acid Monohvdrochloride, 4n carlier

brogress rcport from this 1aborato:yl stoted the possibility of tri-/?-
aminoethyl phosphate (I) as a fire-rctardsnt treatmont. flthoush this
compound could not bc prepared, the di-ester, di-A?-aminocthylphosphoric
acid monohydrochloride (II), was obtained according to the method of
Jackson? from the reaction of rhosphorus oxychloride and cthanolamine,

4 slichtly alknline Aqueous solution of II =nd an excess of formaldehyde
Wos applied to cotton khoki fabric, The treated fobrie (21,6% add-on

after curing ond leaching) was not fire-resistant,

(@]
S i~
H,_NCHZCHZ—O-F)—O-CH-L CH, NH, HO-P-0CH, CH NH, - HCI
! |
[e]
\ ocH, (‘HZ_A/f4z
L CH-LCH,_NH1 :a:

Durability cf Treatment by Reaction with Ccllulose, Chemical

modification hos often bien considercd as a means of imparting permancnt
fire resistq-nece to cellulosic fobries. i4n carlicer pro-ress rceport from
this labomtony3 considercd that such o modificotion might be produced by
an amide of phosproric n~cid, the nitrogcn of which wes provided by tho

. 3 . . ~ - o / ~// -
reactive ethyliuneiminc Jroup. A simple model of such . corpound. N.N,N-tri-
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ethylene phosphoric triamide (I11), was prc
started, However, furthcr consideration of

discontinucd because of the report that ano
taken 2 similar study, CH
[ PT>N )3 ‘
CH,

Chemical modification of the hydroxyl g
of providing cotton fabrics with durable wat
which are of greatest commerical importonce
repellency to cotton fabrics possess a long
octadecyl or n-heptadecyl) as the hydrophob i
quarternary ammonium zroup. Zelun (IV) is p
of this class., The rosults of various invcs
dureble water~repelleoncy obteined with this

ification of cellulose to produce stearamido

o H
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Cl‘?Hgs—‘C-N-CH?‘I\'\ /) C
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prred and its evaluation
such compounds as IIT hos becon

ther laboratory has under-
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Iroups in cellulose is a means
¢ér-repcllency. The compounds
in providing durable wotcrw
chain aliphotic group (n-

c element and a solubilizing
robobly the best known compound
tigations indicated that the
compound is ccused by cther-

ncthyl ether groups.

+ Cell-GH

A\ o H
:IZ Ov(’m C,7H35-‘C,7-/\’/-O~C<=H

A more detailed summcry of the chemicel react

repell

. : ; . . b
1S given in a recent publication .

The resistance to laundering and cleanin

agents as Zelan indicate thoat the combination

(long choin alkyl radical), an ¢lement with f
(phosphorus) and a solubilizing (quartermary
compounds which may provide effective durable

repellent treatments for cotton fabric,

The preparation of compounds of structurd

for water-repellent and fire~retardant propert

ions involved in water-

Ency treatments using quartcrmary ammonium salts of the Zelan type

7 of such crtionic chemical
of a hydrophobic group
ire~-retordont properties
xmmonium) group will produce

fire-rctardant and water-

V, which will be screened

ies i8 under investigation.
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The following procedure is proposed for the preparation of these compounds:

PCly +tHcHo C/-sz—rJ—cl T
J
r 2
Cl=CH.-P~C/ + R OH ‘ﬁhﬁcpcm—/’—oe il
cl - o R

a
t

(%
£ @
~CH, = P-0R + O// N —CH P
cl . N\~ > I W™ ~cH,-P-0r

Dﬂ
The preporation of the intormediate compounds VI (chloromethylpho;phonyl
dichloride) and VIT (dialkyl chloromethylphosphonate; R = methyl, ethyl)
has been reportcd by Russicn investigators5.

Chloromethylphosphonyl dichloride (VI) was prepared according to the
procedurc of Kobachnik and coworkcrsj by heat;ng a mixture of ;hosphorus
trichloride (1 molec) ~nd paraformeldchyde (.67 mole, besed on formalde~
hyde) in a small steel bomb for 20 hours at 200 ¥ 5%, The excess phos-
phorus trichloride was removed from the cooled amber reaction mixture by
flash distillation, Distillation of the liquid rusidue under reduced
pressure produced 4.4z, (40%) of the colorless desired product, b,p,
82%. (12rm. ), nD l.h4041,

Diethyl chloromcthylphosphonate (VIz, R = ethyl) wns prepared? by the
dropwise addition of chloromethylphosphonyl dichloride to an exccss of
cbsolute c¢thyl alcohol with stirring and cooling. The reaction mixture
wes allowed to incroease to room temperaturc after the addition was
completed. LAfter removal of excess alcohol, the liquid residue was
fraction~ted to yicld a colorless oil with an cster odor, b.p. 74_7700.
(1-2mm., ), "D 1,4360, in fair yield (41-53%),

4s outlined in the rcaction schome, the preparation of diethylphos-

phonome: thylpyridinium chloride (V, R = ethyl) will be investigated by inter-

action of dicthyl chloromethylphosphonatc and pyridine.
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Mechanism of the Pyrolytic Decomposition of Cellulose

The study of the pyrolysis rate of cotton fabries has continued,

In Figures 1-4 is given the variation of per cent char with time Ffor some

untreated cellulosic fabrics at various temperatures.

The decomposition

is first-order =s shown in Figures 5-8. 1In Table

~

i is listed the specific
rate constants obtained. The énthalpy of activation listed in Table II
was obtained in the conventional manner from the slope of the straight
line obtained from a sraphical plot of the logarithm of the rate constant
against the reciprocal of the absoiate temperature,

Table III summarizes the first.order specific rate constants in the
pyrolysis of cotton khaki twill, trested with inorganic compounds,

The further use of cotton fobric in the study of pyrolysis kinetics

has been discontinued,

The use of purified cotton,

trested and untreated

has been adopted.

A supply of field cotton has been obt

ained® and carded,

Purification of this cotton accordins to the

zeneral procedure ocutlined

by Conrad6 is in progress.

The history of the P

urification process will

be known. The rate of pyrolysis of untrcated and treated samples will be

studied. In addition, the effect of increasing add-on on the rate will

be determined.

TABLE I

Specific Rate Constant (min.
of Some Untreated

'1) Observed in the Pyrolysis
Cellulosic Fabrics

at Different Temperatures

Temperature (°C,):

300 308 315 320 325 335 340
Cotton Khaki .0186 «0363 . 0683 «183¢
b 80 sq. Cotton » 0209 <0334 .0768 . 0957
Linen 0224 «0520 0883 « 1570 «322C
Rayon 0704 1930 .3430

Aa

8The cotton was obtained through the kind efforts of Dr,

Ramon Esteve,
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Figure 1, Variation of char with time in the Pyrolysis of untreated cotton khaki fabrie
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untreated cotton khaki fabric
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TABLE II

Activation Enthalpy (Energy) Observed in the Pyrolysis
of Some Untreated Celluiosi¢ Fabrics -

Sample A H* (kcal.)

Cotton khaki 43,4

80 Sq. cotton Lo.8

Linen .z

Rayon 43.1
TABLE IIT

Specific Rate Constant (min,~l) Observed in the
Pyrolysis of Treated Cotton Khaki Fabrie
at Different Temperatures

Temperature (°C,): 260 270 280 290 300
2.8% Na2C03 .01 .018 «022 .030

1,6% KCloLP .020 .036
3% NaCl »021 034

Radiant Energy Decomposition of Cotton Fabric

4n evaluction of the effect of radisnt energy on untreated and.
variously treated cotton fabrics has been started. The apparatus for
this study has been described previouslyT. The treatments were applied
at this laboratory and at the Quartermaster Research & Development
Laboratories. In Figurces 9 and 10 are given the veriation of per cent
char with time for the samples studied. The decomposition was completed
in an inert atmosphere of nitrogen.

The procedure, described previouslyl, for measuring temperature
behind the samples during exposure to radiont énergy is under investigation.

The apparatus consists of a one mil platinum-rhodium gold-palladium
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thermocoupie, incorporzted within n Teflon mount, A rapid response

recording potentiometer is used to record the €, m. £, produced at the
hot junction of the thermocouple, At the present time the method has not

been developed to give reproducible results,

Comparison of Radiant Energy Decomposition with Therms1 Decomposition

g of Untreated and Ireated Cotton F brics, 4n important phase of the
=2l _Jreated Cotton Fabrics

evaluation program is the comparison of char/tar ratios resulting from
the pyrolytic decomposition of untreated and treated fabrics at different
rates, Threc different rates of decomposition were used as follows:

l. Siow furnace., The sample, contained in a constricted test tube,
the upper part of which was packed with Pyrex glass Wool, was placed in
a furnace at room temperature in a position for the recovery of tars by
downward distillation., Slightly rcduced pressure was maintained (560.
570 mm.). The furncce was heated to 400° C, (30 minutes), and the ge.
composition continued at that temperature for an additional 60 minutes,

2. Fast furnace, The apparatus and procedure for this method was
as described except that the furnace was prcheated to 400° ¢, before
introduction of the sample,

3« Radiant tnergy, The usec of radisant €nergy probably provided the
greatest rate of incident energy for the decomposition, The experiments
were completed using a flow of nitrogen in the cell in order to maintain
Pyrolytic conditions and increase the collection of tars in a Pyrex glass
wWool trap, As in the case of the furnace decomposition, the radiant
energy experiments were carried out using an infinite time €xposure to
insure complete degradetion,

The results obtained are listed in Table IV,

The results obtained indicate that as the rate of incident energy

increases the amount of tar produced increases, A shorter time was required
for the carbon black treated sample because the treatment reduced the amount

of enerzy reflected from the sample,
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TABLE IV
Comparison of Thermzl and Radiant Energy

) Decomposition of Cotton Fabrice

. t

. o

p=
]

|

! Radiant Energy Decompositi

f Furnace Block Decomposition at #ooo ©a (5.3 pal, nﬂWmmnn.imu o

_ Slow s Fast a : .

_q Sample % Char % Tar Char/Tar® ¢ gLar % Tar Char/Tar 4 Char 4 Tar® Char[Pard

~._ Cotton khaki 21,8 39.7 0.562 17.8 47.1 0.352 7.9 bz.6 0,184

. Twill, 8.2 oz., 22,2 38.6 17.6 49,2 8¢5 44,9 (12 sec.)

| untreated 18.1 o3

ﬂ 18.1 52.5

o Cotton khald 21.6 41,0 00529 18,2 46.5 0.387 7o u6.7 0.163
* Twill, 8.2 oz. 21.7 4.0 17.9 46.9 8.3 4o (6 sec.)
1% carbon black

SThe char/tar ratio was calculated from the averages of the several eXperiments,

brye per cent of char and tar resulting from the radiant €nergy experiments was based on the decomposition of 25 samples,
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